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Abstract 
This paper presents a thorough study on the Mean Radiant Temperature, which is considered as the most important 
factor for estimating outdoor thermal comfort, especially in sunny climates. 
௠ܶ௥௧ Summarize all thermal radiations, including short and long waves radiations coming up to the human body that’s 
why ܶ௠௥௧ is so complicated in time and space especially in open urban spaces. In this paper we present various methods to assess 
and estimate ௠ܶ௥௧ , mathematical and digital models are discussed and in conclusion we present a new digital platform 
SPUCAL_mrt, which evaluate and simulate the ௠ܶ௥௧  in open urban space in arid lands to reach the main objective “to a 
sustainable and comfortable built environment”. 
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Nomenclature 
௠ܶ௥௧        Mean Radiant Temperature 
ܵ௦௧௥         Average radiation flux density 
ܮ௜           All short wave radiations 
ܧ௜           Long wave radiations 
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ܦ௜            Diffused solar radiations 
ܫ             Direct solar radiations 
݅             Isothermal surface 
ܨ௜           Angle factor 
ߝ௉          Human body emission coefficient 
ߝ௜           Emission coefficient 
௜ܶ            Surface temperature 
௔ܶ          Air temperature 
ܶீ           Globe temperature 
ߪ஻          Stephan Boltzmann constant 
௉݂          Projection factor 
ߙ௞         Short wave absorption coefficient 
ߙ௟          Long wave absorption coefficient 
 
1. Introduction: 
All sciences studying the human comfort in architectural or urban spaces are talking about several elements 
of the climate, which are considered as the most prominent and not as the most important like: 
 Air temperature. 
 Relative humidity of the air. 
 Air speed. 
 Thermal radiation fluxes. 
All these elements have a direct impact on the physiological state of human being in different spaces as 
Indoor (architectural spaces) or Outdoor (urban spaces). But from a thermodynamic standpoint the heat transfer by 
conduction to and from the human body does not play an important role in determining thermal comfort, while the 
convection process has too much greater importance because latent and sensible energies are directly affected by 
temperature, humidity and air speed. On the other side, the heat transfer by radiation is very important in 
determining the thermal comfort, especially in open spaces exposed directly to solar radiations this type of transfer 
will be the most important factor in determining the amount of energy exchanges between the human body and its 
environment. 
But studying and determining heat transfer by radiation is very complex in urban open spaces due to the 
great diversity of long wave radiation and short wave ones, and to facilitate this field several researchers and 
scientists creates the Mean Radiant Temperature ( ௠ܶ௥௧) to summarize all solar radiations, the ௠ܶ௥௧becomes today as 
one of the most important elements to define and determine outdoor thermal comfort. 
The objective of this research is to present a thorough study on  ௠ܶ௥௧ , which will help researchers to 
understand, evaluate and use it in architectural and Urbanism fields. Our paper starts with ௠ܶ௥௧  general definitions, 
then discussing different methods to evaluate it; finally we present our new model for estimating the mean radiant 
temperature in urban open spaces (SPUCAL_mrt) which is dedicated for researchers interested by studying the 
sustainability of urban spaces in arid lands. 
2. Definitions: 
In urban open spaces, the heat transfer by radiation is the most important factor in the energy exchange 
process between the human body and its environment, especially in sunny skies. Mean radiant temperature is 
especially invented to summarize all thermal radiations (long wave and short wave) in one concept ( ௠ܶ௥௧) for a 
particular person placed in a given site, it is defined as the uniform temperature of an imaginary enclosure in which 
the radiant heat transfer from the human body is equal to the radiant heat transfer in the actual non-uniform 
enclosure [33] it is called the black body enclosure [1]. 
When we compare ௠ܶ௥௧  in the same climatic conditions between an indoor and outdoor space especially in 
a sunny climate, we note that in an urban space the difference between ௔ܶ and ௠ܶ௥௧ is up to 30 C ° while they are 
equals in an indoor space, this phenomenon is directly related to the vast diversity of radiation components: 
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 Short-wave radiations: also called solar radiations, they are divided into three types: 
  Direct solar radiations. 
  Diffused solar radiations. 
  Reflected solar radiations. 
 Long-wave radiations: also called terrestrial radiations, they are divided into two types: 
 Atmospheric radiations emitted from the sky. 
 Ground radiations emitted from the surround environment. 
The effect of each of these radiations on human body is attached to: location, month, day and time where we want to 
evaluate ௠ܶ௥௧ , for examples in the night, short-wave radiations are completely eliminated but they have a very 
significant role in sunny times.  
 
Fig.1. Illustration supporting the understanding of the definition of the ࢀ࢓࢚࢘ [32] 
3. Evaluating ܂ܕܚܜ: 
The degree of importance and difficulty of evaluating ௠ܶ௥௧  led researchers to develop many technics and 
methods of evaluation, especially in open urban spaces, all these methods are divided into two types:  
 Composite methods between the measurement and mathematical calculation. 
 Mathematical methods, which are developed into digital simulation models. 
3.1.  Composite methods: 
         Due to the complexity of ௠ܶ௥௧  and the lack of direct measurement instruments, researchers in the field of 
urban climate developed new methods based on measured simplified climatic elements submitted to mathematical 
calculations to assess ௠ܶ௥௧. The most famous used methods are: 
3.1.1. integral radiation measurements and the calculation of angular factor method: 
 
It is the Most popular and accurate method, but at the same time it is the most complex and expensive one 
[7, 34, 35] this method is based on three dimensional measurement of short-wave and long-wave thermal radiations 
by using CNR 1 instrument (Kipp & Zonen) [13,21,32], so that the sensitive heads in the instrument picks the degree 
and the intensity of each long-wave and short-wave components emitted and receipted from each of surrounding 
surfaces, then assess the average radiation flux density ܵ௦௧௥for a human body from six different points by applying  
VDI 1994 equation [13, 19]:  
ܵ௦௧௥ ൌ ߙ௞෍ܧ௜ܨ௜ ൅ ߝ௣෍ܮ௜ܨ௜
଺
௜ୀଵ
ǥǥǥǥǥǥǥǥǥǥǥǥǥǥǥǥǥǥǥǥǥǥǥǥ Ǥ Ǥ ǥǥǥǥ Ǥ Ǥ ሺͳሻ
଺
௜ୀଵ
 
Where: ܨ௜ angle factor between human body and surrounding surfaces (i = 1 to 6); it is related to human status and 
direction [1, 19], then we get ௠ܶ௥௧  value by applying the Stefan-Boltzmann famous law: 
௠ܶ௥௧ ൌ ට൫ܵ௦௧௥ ൫ߝ௣ ή ߪ஻൯Τ ൯
ర
െ ʹ͹͵Ǥͳͷ ǥǥǥǥǥǥǥǥǥǥǥǥǥǥǥǥǥǥǥǥǥǥ Ǥǥǥǥǥǥ Ǥ ሺʹሻ 
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3.1.2. globe thermometer method: 
 
It is simpler than its predecessor, but less accurate and generally rely on the globe thermometer, where it is 
created initially to measure the ௠ܶ௥௧in interior spaces [14, 15, 16, 31], than developed to enable specialists and 
researchers to use it in urban open spaces [17]. In addition to the globe thermometer this method needs other devices 
to measure air speed and temperature to get ௠ܶ௥௧  by applying the following equation: 
௠ܶ௥௧ ൌ ቈ൫ ௚ܶ ൅ ʹ͹͵Ǥͳͷ൯
ସ
൅
ͳǤͳ ൈ ͳͲ଼ ௔ܸ଴Ǥ଺
ߝܦ଴Ǥସ
ൈ ൫ ௚ܶ ൅ ௔ܶ൯቉
ଵ
ସൗ
െ ʹ͹͵Ǥͳͷ ǥǥǥǥǥǥǥǥǥǥ Ǥǥǥ Ǥ Ǥ ሺ͵ሻ 
3.2. Mathematical methods: 
To assess ௠ܶ௥௧  There are three different methods varying in complexity and accuracy: first one is the 
easiest but the less accurate it is related on the weighted average of all the surface temperatures, second one with an 
acceptable accuracy it depends on the Plan Radiant theory, last one is The most recent and the most important that 
we will adopt in our research due to its high accuracy, it depends on the angle factor theory. 
 
 
Fig. 2. Three mathematical methods for estimating ௠ܶ௥௧ based on complexity and accuracy [09] 
3.2.1. Easy Method (AUST) : 
The easiest but least representative method is the weighted average of all surfaces temperatures (AUST) 
and that formula looks like this: 
௠ܶ௥௧ ൌ ଵܶܣଵ ൅ ଶܶܣଶ ൅ ڮ൅
௡ܶܣ௡
ܣଵ ൅ ܣଶ ൅ ڮ൅ ܣ௡
ǥǥǥǥǥǥǥǥǥǥǥǥǥǥǥǥǥǥǥǥǥǥǥ ሺͶሻ 
Where ௠ܶ௥௧  and AUST have the same value, the results of this method are too simple but valid for representative 
studies and illustrative researches. 
3.2.2. Intermediate Method (Plane Radiant method): 
Unlike the first method, this one recognizes the occupant in the space and provides for two positions, that 
of standing or seated; these formulae look like this [09]: 
 Seated person: 
௠ܶ௥௧ ൌ
ͲǤͳͺ൫ ௦ܶǤ௨௣ ൅ ௦ܶǤௗ௢௪௡൯ ൅ ͲǤʹʹ൫ ௦ܶǤ௥௜௚௛௧ ൅ ௦ܶǤ௟௘௙௧൯ ൅ ͲǤ͵Ͳ൫ ௦ܶǤ௙௥௢௡௧ ൅ ௦ܶǤ௕௔௖௞൯
ʹ ή ሺͲǤͳͺ ൅ ͲǤʹʹ ൅ ͲǤ͵Ͳሻ
ǥǥǥǥǥǥ Ǥ ሺͷሻ 
 Standing person: 
௠ܶ௥௧ ൌ
ͲǤͲͺ൫ ௦ܶǤ௨௣ ൅ ௦ܶǤௗ௢௪௡൯ ൅ ͲǤʹ͵൫ ௦ܶǤ௥௜௚௛௧ ൅ ௦ܶǤ௟௘௙௧൯ ൅ ͲǤ͵ͷ൫ ௦ܶǤ௙௥௢௡௧ ൅ ௦ܶǤ௕௔௖௞൯
ʹ ή ሺͲǤͲͺ ൅ ͲǤʹ͵ ൅ ͲǤ͵ͷሻ
ǥǥǥǥǥǥǥ Ǥ Ǥ ǥǥ ሺ͸ሻ 
As you can see method 2 adds a little bit more complexity but it is not difficult math. Like method 1 the accuracy 
will depend more on how one determines the weighted surface temperature from each side of urban space. 
MRT
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3.2.3. Difficult Method (Angle Factor method): 
The angle factor method also called the view factor method depends on many factors and determinants that 
should be known before the evaluation process. For example you must know the dimensions of radioactive surfaces, 
the exposed surface towards the sky, characteristics of the environment as the thermal emissivity and albedo, the 
astronomical site position and its orientation, without forgetting the human status and its direction compared to 
urban surfaces, the quality of the dress and the coverage skin ratio. 
The first theory of this method dating back to [1] Based on the idea of dividing the environment to N isothermal 
surfaces where each of them have its  thermal characteristics: ௜ܶ , ܨ௜ and ߝ௜, and on the basis of stephan-boltzmann 
law, each of these isothermal surfaces, ( ground, buildings or the sky) sends long wave radiations ܧ௜ estimated by 
the following equation: 
ܧ௜ ൌ ߪ஻ ή ߝ௜ ή ௜ܶସሺܹ ݉ଶΤ ሻǥǥǥǥǥǥǥǥǥǥǥǥǥǥǥǥǥǥǥǥǥǥǥǥǥǥǥǥǥǥǥǥǥǥ Ǥ ሺ͹ሻ 
On the other side the surfaces sends diffused radiations ܦ௜  (from the sky or surrounding environment), 
which are directly affected by angle factor ܨ௜ and projection factor  ௉݂. 
The most important element is the direct short wave radiation, which reflects the solar radiation flux incident on a 
surface directly and without any barrier; it is controlled by ௉݂  who expresses the body ratio exposed to direct 
radiations, it is related to sun height, human status and its angle of rotation. However, in several Applied Science on 
human thermal comfort the human body is taken as a typical cylindrical form. 
Thermal radiations reaching the human body are absorbed according to absorption coefficients ߙ௞, ߙ௟for short and 
long wave radiations, But generally we take an approximate value of them: ߙ௞= 0,7 and ߙ௟= 0,97 where ߙ௟  is 
equivalent to the human emission coefficient ߝ௉) according to Kirchhoff law [32].  Applying all what was mentioned 
above, the total thermal radiationsܧ௜, ܦ௜and I, which are related to several factorsܨ௜, ௉݂,ߙ௞; we can say that The 
Radiation flux density ܵ௦௧௥absorbed by the human body, is known by the following law: 
ܵ௦௧௥ ൌ ߙ௟෍ܨ௜ܧ௜ ൅ ߙ௞෍ܨ௜ܦ௜
௡
௜ୀଵ
௡
௜ୀଵ
൅ ߙ௞Ǥ ௣݂Ǥ ܫ ǥǥǥǥǥǥǥǥǥǥǥǥǥǥǥǥǥǥǥǥǥǥǥǥǥ Ǥǥ ሺͺሻ 
Starting from the ௠ܶ௥௧  definition as the uniform temperature of an imaginary enclosure where ε = 1, the ܵ௦௧௥and 
௠ܶ௥௧  laws are: 
ܵ௦௧௥ ൌ ߙ௟Ǥ ߪ஻Ǥ ௠ܶ௥௧ସ ǥǥǥǥǥǥ Ǥ Ǥ ǥǥǥǥǥǥǥǥǥǥǥǥǥǥǥǥǥǥǥǥǥǥǥǥ Ǥ Ǥ ǥ ሺͻሻ 
 ௠ܶ௥௧ ൌ ට൫ܵ௦௧௥ ൫ߝ௣ ή ߪ஻൯Τ ൯
ర
െ ʹ͹͵Ǥͳͷ   ……………………………………………………….. (10) 
Matching equations (8) and (9) the ௠ܶ௥௧law becomes as follows: 
௠ܶ௥௧ ൌ ൥ͳ ߪ஻ ൭෍ܧ௜ܨ௜ ൅
ߙ௞
ߝ௣
௡
௜ୀଵ
෍ܦ௜ܨ௜ ൅
ߙ௞
ߝ௣
௡
௜ୀଵ
௣݂ܫ൱൘ ൩
଴Ǥଶହ
ǥǥǥǥǥǥǥǥǥǥǥǥǥǥǥǥ ሺͳͳሻ 
 
In cases where there is no direct solar radiation, the equation to assess ௠ܶ௥௧  looks like this: 
௠ܶ௥௧ ൌ ൥ͳ ߪ஻ ൭෍ܧ௜ܨ௜ ൅
ߙ௞
ߝ௣
௡
௜ୀଵ
෍ܦ௜ܨ௜
௡
௜ୀଵ
൱൘ ൩
଴Ǥଶହ
ǥǥǥǥǥǥǥǥǥǥǥǥǥǥǥǥ Ǥ Ǥ ǥǥǥ Ǥ ሺͳʹሻ 
 
According to [11] the surrounding environment is divided into two halves or two hemispheres where ܨ௜ = 0.5 for 
each part, however this study did not give accurate values for ௠ܶ௥௧. Another attempt more precise [7] where the 
surrounding environment is divided into 06 parts (Upward, Downward and four lateral sides) where ܨ௜ values are: 
Table 1. Angle factor ܨ௜ depending on the shape and orientation [32]. 
 East South West North Upward Downward 
Standing person 0.220 0.220 0.220 0.220 0.060 0.060 
Seated person 0.185 0.185 0.185 0.185 0.130 0.130 
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3.3. Digital methods: 
Without developed measuring devices or spending a great time in measurement processes, we can now 
evaluate ௠ܶ௥௧  using software programs asking some easy climatic data obtained, as the air temperature, relative 
humidity, cloud cover ratio and air purity. In addition to all of these elements, there are other important data which 
must be entered as the time and geographical position, and the most important is physical characteristics and 
dimensions of the urban space [6, 21, 20]. 
easiest and fastest of these programs at the moment is RayMan [20], it is the most popular in the scientific 
community [20.21], due to its simplicity and accuracy by applying notes of VDI 3789 and 3787 [6,13]. RayMan 
divides the space into two halves (upward & downward) and another typical level between them at a height of 1.1 
meters, it can evaluate ௠ܶ௥௧  by asking: time data, geographic data, climatic and Physical data of the site. 
As it can predict other elements parallel to ௠ܶ௥௧  as: PET [23], PMV [1], SET [22] and UTC [8]. RayMan is 
today a pioneer in this field, although it gives Stationary results. Otherwise the ENVI-met program [24] which 
depends on a three-dimensional network data, is mainly based on fluid mechanics and thermodynamics principles, it 
requires more data than its predecessor as: Ground types and properties of site, Vegetation properties if available in 
the urban space to be studied. 
ENVI-met is not a stationary model it simulates climate changes in an area for the whole day [24, 26]. each 
of the two programs mentioned above estimate ௠ܶ௥௧  narrowly where the only difference that RayMan predicts it for 
one point and ENVI-met in an area, they are based on Fanger’s theory [1] where long-wave radiations are  divided 
into 50% from the upper half (sky) and 50% from the ground  [11, 27]. 
SOLWEIG program, predict ௠ܶ௥௧  on the integral radiation measurement principles [7] Where the 
surrounding environment is divided into 06 parts [27, 28], starting from the same data required by the two programs 
mentioned above with more complex data of the urban space. SOLWEIG also gives very good results, especially in 
some situations where RayMan and ENVI-met can’t predict ௠ܶ௥௧  as sunrise and sunset where the sun is very low. 
4. Application study on Righ valley oases: 
Righ valley is an Oasian region in Algerian Sahara [25] it is the second biggest oasis in the world with 
more than 4.000.000 palms, 26 villages and 10 new cities. Distributed adjacently to the Righ River on 170 linear 
kilometers. Our study is a numerical application on Djamaa city which is in the center of Righ valley. The objective 
of this application is to evaluate ࢀ࢓࢚࢘ with the three famous programs listed above and compare the results with our 
new program SPUCAL_mrt, to confirm it and use it as a tool in urban sustainable design especially in arid lands. 
4.1. SPUCAL_mrt model: 
       SPUCAL is a new platform developed by the author Ahriz Atef  in 2013 it means (Simulation Platform of  
Urban Climate in Arid Lands) it is created to simulate different urban climate elements as ௠ܶ௥௧ , PET, PMV, 
SOL_rad  and others. SPUCAL is intended for helping designers, researchers and scientists interested on arid land to 
reach their big aim - to a sustainable and comfortable outdoor built environment -; in this paper we present only one 
of the many programs inserted in the platform which is SPUCAL_mrt.  It is based on an analytical and comparative 
study on models available today with the insertion of many physical parameters own to arid lands to have fine 
accurate results. 
4.2. Results & discussion: 
An application study was applied on Djamaa city  where temperature vary between 7C° as a minimum in 
winter and 39C° as a maximum in summer with a relative humidity varying between 35% and 70 %, this study 
is on typical months: march, june, sepember and december. By inserting the same climatic data on RayMan, 
ENVI-met, SOLWEIG, SPUCAL_mrt and compare the all results. 
 
 
 Ahriz Atef et al. /  Energy Procedia  74 ( 2015 )  273 – 280 279
 
 
 
 
 
 
 
 
      
 
               
 
 
                                                                                           
      Fig.3. Values of ௠ܶ௥௧ in March using the four programs                                  Fig.4. Values of ௠ܶ௥௧  in June using the four programs 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
    Fig.5. Values of ௠ܶ௥௧ in September using the four programs                        Fig.6. Values of ௠ܶ௥௧ in December using the four programs 
  In Fig.3 we found that ௠ܶ௥௧  is too close to stationary climatic data because the lake of direct solar 
radiations, as a comparison between the four programs we found that ௠ܶ௥௧ value is bigger with SPUCAL_mrt at 
14:00 to 17:00 due to some urban space characteristics inserted in it. In Fig.4 we found the very big differences 
between ௠ܶ௥௧ and climatic data because of the big amount of solar radiation from sunset to sunrise due to the clear 
sky in summer, comparing the all programs we found that always ௠ܶ௥௧  at 12:00 to 16:00 with SPUCAL_mrt is 
bigger due to the same urban characteristics which are not taking into account by the other programs.  In September 
Fig.5 and December Fig.6 we found that values of ௠ܶ௥௧ using the SPUCAL_mrt model are too close from the other 
programs because of the high level of cloud cover where many urban components lose their impacts on radiations. 
4.3. Conclusion:  
SPUCAL_mrt model is one of rare programs based on a comparative study between models available in the 
world, with the insertion of some physical characteristic of urban built environment and vegetation of arid lands. 
After many tests on  it and many measures companions with a comparison between it and the other programs we can 
say that SPUCAL_mrt is ready to use it for all   urban designers, researchers and scientists interested on 
sustainability of urban built environment in arid lands. 
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